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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a latently 
crimpable polyester-based conjugate liber suitable for 
providing a spun yam for a nonwoven fabric or a woven 
or a knitted fabric having sufficient stretchability and 
excellent pliability and the nonwoven fabric having both 
the stretchability and the piiabirty. 



comprises (A) a polyester having a main recurring unit 
composed of an alkylene terephrtJialate eccentrically 
joined to (B) a polyester having a main recurring unit 
composed of trimethyiene terephthalate. The conjugate 
fiber has values of heat shrinkage characteristics 
within specific ranges and is capable of developing s 50 
spiral crimps/25 mm by a free shrinking heat treatment 
at 170*0 
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(57) Abstract 
Purpose 

To provide a latent crimping polyester group composite fiber suitable for obtaining a 
spun yarn for a nonwoven fabric or woven and knitted goods with sufficient elasticity and 
excellent flexibility and a nonwoven fabric having both elasticity and flexibility. 
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Solution means 

This polyester group composite fiber is a composite fiber in which a polyester (A) of 
which the main repetitive unit consists of alkylene terephthalate and a polyester (B) of which the 
main repetitive unit consists of trimethylene terephthalate are eccentrically joined. The 
composite fiber has a thermal shrinkage characteristic in a specific range and generates a spiral 
crimp of 50 crimps/25 mm or more from a free shrinkage heat treatment at 170°C. 

Claims 

1. A polyester group composite fiber, characterized by the fact that in a composite fiber 
in which a polyester (A) of which the main repetitive unit consists of alkylene terephthalate and a 
polyester (B) of which the main repetitive unit consists of trimethylene terephthalate are 
eccentrically joined, the thermal shrinkage characteristic meets the following equations (1) and 
(2); a spiral crimp of 50 crimps/25 mm or more is generated from a free shrinkage heat treatment 
atl70°C. 

15#X P #60 (1) 

Xq#15 (2) 

X p represents the dry thermal shrinkage rate measured by the following P method, and X q 
represents the dry thermal shrinkage rate measured by the following Q method. P methodrThe 
yarn length L0 is measured by applying an initial load of 0.44 mN/dtex to the fiber, and after 
removing the load, the fiber is heat-treated at 170°C for 15 min. Then, the yarn length LI is 
measured by applying a load of 0.44 mN/dtex to the fiber, and the dry thermal shrinkage rate is 
calculated by the following equation. 

X p (%) = {(L0 - L1)/L0} x 100 

Q method: The yarn length L2 is measured by applying an initial load of 1.32 mN/dtex to 
the fiber, and after removing the load, the fiber is heat-treated at 1 70EC for 1 5 min. Then, the 
yarn length L3 is measured by applying a load of 2.65 mN/dtex to the fiber, and the dry thermal 
shrinkage rate is calculated by the following equation. 

X<, (%) = {(L2 - L3)/L2} x 100 

2. A nonwoven fabric, characterized by the fact that the polyester group composite fiber 
of Claim 1 is included at 60% or more, the stretch recovery rate at a stretch of 20% is 70% or 
more, and the bending resistance is 60 cN or less. 
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Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to a composite fiber that can generate a spiral crimp when 
a heat treatment is applied. Specifically, it pertains to a polyester group composite fiber that can 
produce a nonwoven fabric and a spun yarn for woven goods and knitted goods having excellent 
elasticity and flexibility. 

[0002] 
Prior art 

Polyester fiber has excellent characteristics with regard to weather resistance, chemical 
resistance, W/W characteristic, etc., and is used in various applications such as clothing and 
industrial materials. Under such an environment, fibers with higher elasticity have recently been 
in demand in terms of functions. 

[0003] 

As conventional methods for rendering elasticity to synthetic fibers, many methods for 
combining polymers with different thermal shrinkage characteristics as a composite latent 
crimping fiber with a side-by-side or eccentric core-clad structure have been proposed. For 
example, in Japanese Kokoku Patent Nos. Hei 3[1991]-10737 and Hei 4[1992]-5769, a 
composite fiber of a polyethylene terephthalate group copolymerized polyester, in which a 
5-sodium sulfoisophthalic acid component is copolymerized, and polyethylene terephthalate 
(hereinafter, abbreviated to PET) is presented. Also, in Japanese Kokai Patent Application 
No. Hei 7[1995]-54216, a composite fiber of a polyethylene terephthalate group copolymerized 
polyester, in which 2-7 mol% 2,2-bis[4-(2-hydroxyethoxy)phenyl]propane and 5-13 mol% 
isophthalic acid (hereinafter, abbreviated to IP A) are copolymerized, and PET is presented. 
Furthermore, in Japanese Kokai Patent Application No. Hei 10[1998]-204726, a composite fiber 
in which PET or a polyester mainly composed of it and a polyethylene terephthalate group 
copolymerized polyester, in which 1-9 mol% IPA and 1-5 mol% ethylene oxide adduct of 
bisphenol A (hereinafter, abbreviated to BAEO) are copolymerized is proposed. 

[0004] 

However, in these composite fibers, a heat treatment at high temperature was required to 
render good elasticity, and the hand of nonwoven fabric obtained was hardened. On the other 
hand, if the heat treatment temperature was lowered to soften the hand, little spiral crimp was 
generated, and the elasticity was inferior in the obtained nonwoven fabric. 
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[0005] 

Problem to be solved by the invention 

The present invention solves the disadvantages of the above-mentioned conventional 
latent crimping polyester composite fiber, and its technical objective is to provide a latent 
crimping polyester group composite fiber suitable for obtaining a spun yarn for a nonwoven 
fabric or woven and knitted goods with sufficient elasticity and excellent flexibility and a 
nonwoven fabric having both elasticity and flexibility containing said fiber. 

[0006] 

Means to solve the problem 

This inventor earnestly reviewed the above-mentioned problems in order to solve them, 
and as a result, it was discovered that the above-mentioned objective could be achieved by 
combining a polyester of which the main repetitive unit consisted of alkylene terephthalate and a 
polyester of which the main repetitive unit consisted of trimethylene terephthalate and 
controlling the thermal shrinkage characteristic within an appropriate range. Then, the present 
invention was completed. 

[0007] 

In other words, the present invention has the following constitutions (a) and (b). 
(a) A polyester group composite fiber characterized by the fact that in a composite fiber in which 
a polyester (A) of which the main repetitive unit consists of alkylene terephthalate and a 
polyester (B) of which the main repetitive unit consists of trimethylene terephthalate are 
eccentrically joined, the thermal shrinkage characteristic meets the following equations (1) and 
(2); a spiral crimp of 50 crimps/25 mm or more is generated by a free shrinkage heat treatment at 
1?0°C. 

15#X P #60 (1) 
Xq#15 (2) 

X p represents a dry thermal shrinkage rate measured by the following P method, and Xq 
represents a dry thermal shrinkage rate measured by the following Q method. P method: The 
yarn length L0 is measured by applying an initial load of 0.44 mN/dtex to the fiber, and after 
removing the load, the fiber is heat-treated at 170°C for 15 min. Then, the yarn length LI is 
measured by applying a load of 0.44 mN/dtex to the fiber, and the dry thermal shrinkage rate is 
calculated by the following equation. 

X p (%)={(L0-Ll)/L0}xl00 
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Q method: The yarn length L2 is measured by applying an initial load of 1 .32 mN/dtex to 
the fiber, and after removing the load, the fiber is heat-treated at 170EC for 15 min. Then, the 
yarn length L3 is measured by applying a load of 2.65 mN/dtex to the fiber, and the dry thermal 
shrinkage rate is calculated by the following equation. 

X q (%) = {(L2 - L3)/L2} x 100 
(b) A nonwoven fabric characterized by the fact that the polyester group composite fiber of the 
above-mentioned (a) is included at 60% or more, the stretch recovery rate at a stretch of 20% is 
70% or more, and the bending resistance is 60 cN or less. 

[0008] 

Embodiment of the invention 

Next, the present invention will be explained in detail. 

[0009] 

In the present invention, the polyester (A) constituting one component of the composite 
fiber is a polyester of which the main repetitive unit is alkylene terephthalate, and 
polytrimethylene terephthalate (PTT), polybutylene terephthalate, and PET are mentioned. 
Among them, PTT is preferably used. Also, copolymers of aromatic dicarboxylic acid 
components such as EPA and 5-sodium sulfoisophthalic acid, aliphatic dicarboxylic acid 
components such as adipic acid and sebacic acid, diol components such as 1,4-dibutanediol, 
1,6-hexanediol, diethylene glycol, and polyethylene glycol, aromatic diol components such as 
BAEO, etc., may also be adopted in a range where the effects of the present invention are not 
damaged. Furthermore, a stabilizer, fluorescent agent, pigment, antibacterial agent, deodorant, 
reinforcing agent, etc., may also be included. 

[0010] 

On the other hand, it is necessary for the polyester (B) constituting the other component 
of the composite fiber to be a polyester of which the main repetitive unit is trimethylene 
terephthalate. Polyester (B) is commonly a polyester of which the main repetitive unit is ethylene 
terephthalate, and the Young's modulus of the composite fiber is large. Nonwoven fabric, spun 
yarn, woven and knitted goods obtained from it are inferior in flexibility. For polyester (B), 
copolymers of aromatic dicarboxylic acid components such as IP A and 5-sodium 
sulfoisophthalic acid, aliphatic dicarboxylic acid components such as adipic acid and sebacic 
acid, diol components such as 1,4-dibutanediol, 1,6-hexanediol, diethylene glycol, and 
polyethylene glycol, aromatic diol components such as BAEO, etc., may also be adopted in a 
range where the effects of the present invention are not damaged. Furthermore, a stabilizer, 
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fluorescent agent, pigment, antibacterial agent, deodorant, reinforcing agent, etc., may also be 
included. 



[0011] 

Also, the melt viscosity of polyester (A) and polyester (B) is respectively preferably 
1,500-3,000 dPa^s and 400-1,000 dPa^s when measured at a temperature of 280°C and at a 
shear rate of 1,000 s" 1 , and in order to generate a spiral crimp of 50 crimps/25 mm or more by 
applying a heat treatment, the difference between the melt viscosities is preferably 
1,000-2,000 dPa=s. 

[0012] 

The mixture ratio (weight ratio) of polyester (A) and polyester (B) in the composite fiber 
of the present invention is preferably 40/60-60/40. If the mixture ratio is not in this range, when 
yarns are discharged from a spinneret in a spinning process, yarn bending is large, and the 
spinning tone deteriorates or the generation of latent crimp is inferior, which is not preferable. 

[0013] 

In the composite fiber of the present invention, it is necessary for the dry thermal 
shrinkage rate X p based on the P method to be 15-60%, preferably 25-40%. If X p is less than 
15%, the elastic characteristic is insufficient. Also, if it is more than 60%, when the nonwoven 
fabric is heat-treated, the density of the fibers constituting the nonwoven fabric is raised, and the 
flexibility is deficient. 

[0014] 

Also, in the composite fiber of the present invention, it is necessary for the dry thermal 
shrinkage rate Xq based on the Q method to be 15% or less, preferably 10% or less. If X q is more 
than 15%, the fiber is hardened, and the hand of nonwoven fabric and woven and knitted goods 
obtained from the composite fiber is hardened. 

[0015] 

Here, the meaning of the dry thermal shrinkage rate of the P method and the Q method 
will be explained. Since fiber in which latent crimp is generated has a strong shrinkage force and 
is not completely stretched by the load (0.44 mN/dtex) in the P method, a high dry thermal 
shrinkage rate in the P method indicates a strong shrinkage force of the fiber from the generation 
of a spiral crimp. Since fiber in which latent crimp is generated is completely stretched by the 
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load (2.65 mN/dtex) in the Q method, a high dry thermal shrinkage rate in the Q method 
indicates a high actual shrinkage rate of the fiber. 

[0016] 

The dry thermal shrinkage rate X p based on the P method can be adjusted by the stretch 
magnitude in a stretching process and by the tension heat treatment temperature after stretching. 
To raise X p , an operation of increasing the stretch or lowering the tension heat treatment 
temperature may be carried out. To lower X p , an operation of decreasing the stretch or raising the 
tension heat treatment temperature may be carried out. 

[0017] 

Also, the dry thermal shrinkage rate X q based on the Q method can be adjusted by the 
relaxation heat treatment temperature in the stretching process. To raise Xq, the relaxation heat 
treatment temperature may be raised, while to lower Xq, the relaxation heat treatment 
temperature may be lowered. 

[0018] 

It is necessary for the composite fiber of the present invention to have a latent crimp 
performance that generates a spiral crimp of 50 crimps/25 mm or more from a free shrinkage 
heat treatment at 170°C. If the number of crimps generated in the free shrinkage heat treatment is 
less than 50 crimps/25 mm, nonwoven fabric and woven and knitted goods obtained are inferior 
in elasticity. 

[0019] 

The composite fiber of the present invention is a composite fiber in which the polyester 
(A) and the polyester (B) are eccentrically joined, and the eccentric junction is of the eccentric 
core-clad type or side-by-side type. The shape is not particularly limited as long as the two 
components are in a biased junction state. Also, the cross section of the composite fiber may be 
circular, flat, six-leave, triangular, modified such as a W or H, or hollow. 

[0020] 

Furthermore, if the composite fiber of the present invention is used as a short fiber to 
obtain a spun yam or nonwoven fabric, a mechanical crimp of 8-18 crimps/25 mm is preferably 
rendered to improve the permeability in a spinning process and a carding process. The method 
for rendering the mechanical crimp is not particularly limited, and methods using a push type 
crimper, etc., can be adopted. 
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[0021] 

Next, the nonwoven fabric of the present invention will be explained. It is necessary for 
the nonwoven fabric of the present invention to include the above-mentioned composite fiber at 
60% or more, and it is preferable to constitute the nonwoven fabric at 100% of said composite 
fiber. If the composite fiber is less than 60%, nonwoven fabric with excellent elasticity cannot be 
obtained. As fibers that can be mixed with the composite fiber of the present invention, PET 
short fiber and PTT short fiber that are ordinarily used are mentioned, and in order to improve 
the shape retention of the nonwoven fabric, a heat-adhesive composite fiber in which a polyester 
with a low melting point is an adhesive component can also be used; 

[0022] 

Furthermore, it is necessary for the nonwoven fabric of the present invention to have a 
stretch recovery rate of 70% or more at a stretch of 20%. If the stretch recovery rate at a stretch 
of 20% is less than 70%, since it is difficult for the nonwoven fabric to return to its original size, 
the elasticity and the adhesion to the skin are inferior when the nonwoven fabric is used for a 
bandage, etc. Also, it is necessary for the nonwoven fabric to have a bending resistance of 60 cN 
or less. If the bending resistance is more than 60 cN, the nonwoven fabric is inferior in softness, 
so that the intended nonwoven fabric of the present invention cannot be obtained. 

[0023] 

The nonwoven fabric of the present invention can be obtained as follows, for instance. 
First, polyester group composite fibers of the present invention are changed to a web by opening 
the fibers by a carding machine, and the composite fibers are entangled with each other by a 
needle punch treatment. Then, they are heat-treated at a temperature that can generate latent 
crimp in the composite fiber. 

[0024] 

Operation of the invention 

In the composite fiber of the present invention, the main repetitive unit of one component 
(B) of the latent crimping polyester group composite fiber is a polyester composed of 
trimethylene terephthalate, the stiffness (Young's modulus) of the composite fiber is smaller than 
that of PET, and the flexibility is excellent. Furthermore, nonwoven fabric and woven and 
knitted goods obtained from the composite fiber also have excellent flexibility. Also, since the 
thermal shrinkage characteristic is set in a specific range, nonwoven fabric and woven and 
knitted goods obtained also have elasticity. 
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[0025] 

Application examples 

Next, the present invention will be explained in further detail by application examples, 
however the present invention is not limited to them. Also, methods for measuring and 
evaluating the characteristic values and the properties described in the application examples are 
as follows. 

(1) Dry thermal shrinkage rate (P method, Q method) 

It was measured by the above-mentioned methods. 

(2) Number of latent crimps generated 

In a state in which the short fiber obtained can be freely shrunk, it is heat-treated at 170°C 
for 15 min, and the number of crimps is measured by the method prescribed in JIS L-1015 
7-21-1. 

(3) Stretch recovery rate 

The short fibers obtained were changed to a card web with a Metsuke [weight per unit 
area] of 120 g/m by using a carding machine, and the fibers were entangled with each other by a 
needle punch treatment, so that a nonwoven fabric was obtained. The nonwoven fabric was 
heat-treated at 170°C for 15 min, so that a sample 150 mm in the vertical direction (the oriented 
direction of the fibers) and 25 mm in the horizontal direction (the direction perpendicular to the 
oriented direction of the fibers) was prepared. This was stretched at a speed of 100 m/min to a 
20% stretch in the vertical direction, held for 1 min and returned to the original state at a speed of 
100 m/min and held for 3 min. The nonwoven fabric was restretched at a speed of 100 m/min, 
and the stretch I with exerted load was measured. The stretch recovery rate was attained by these 
measured values and the following equation. When the stretch recovery rate was 70% or more, 
the nonwoven fabric was assumed to be a success. 

Stretch recovery rate (%) = {(20 - 1)/20} x 100 

(4) Bending resistance (flexibility of the nonwoven fabric) 

Three sheets of specimens with a width of 100 mm and a length of 100 mm were 
prepared according to JIS L-1096, and a hand meter (Model FM-2) made by Daiei Keiki was 
used. When the specimens were placed on slits with a width of 15 mm and then pushed into the 
slits, the maximum cN force required was obtained by measuring at four positions in the vertical 
and horizontal directions on the surface and back of the specimens, and the total value was 
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attained. The average value of three sheets of specimens was shown as the bending resistance of 
the nonwoven fabric, and when the bending resistance was 60 cN or less, the nonwoven fabric 
was assumed to be a success. 



[0026] 

Application Example 1 

A PTT with a melt viscosity of 1,500 dPa^s as polyester (A) and a PTT with a melt 
viscosity of 800 dPa^s as polyester (B) were used. Chips of these two were dried under reduced 
pressure using an ordinary method, and the two components were side-by-side composite-spun 
(weight ratio = 1 : 1) at a spinning temperature of 280°C and at a discharge of 230 g/min through 
a spinneret with 344 fine holes with a diameter of 0.45 mm and a round cross section by an 
ordinary composite melt-spinning machine. The yarns spun were cooled with air and drawn at a 
speed of 1,000 m/min so that unstretched yarns could be sampled. 

[0027] 

The yarns obtained were bundled at 1 10,000 dtex and stretched at a temperature of 70°C 
and a stretch magnitude of 3.72 times. Next, they were subjected to a tension heat treatment at a 
temperature of 150°C, mechanically crimped at 12 crimps/25 mm by a push type crimper, and 
cut into 51 -mm lengths, so that composite short fibers with a size of 2 dtex, X p of 42%, and Xq of 
11% were obtained. The obtained composite short fibers were changed to a card web with a 
Metsuke of 120 g/m 2 using a carding machine, and the fibers were entangled with each other by 
applying, a needle punch treatment and heat-treated at 170°C for 1 min, so that a nonwoven 
fabric was obtained. 

[0028] 

A pplication Example 2 

Similarly to Application Example 1 except for using a PTT with a melt viscosity of 
1,000 dPa^s as polyester (A) and a PTT with a melt viscosity of 400 dPa^s as polyester (B), 
composite short fibers and a nonwoven fabric were obtained. 

[0029] 

Application Example 3 

Similarly to Application Example 1 except for using a PET with a melt viscosity of 
1,800 dPa^s as polyester (A) and a PTT with a melt viscosity of 1,200 dPa^s as polyester (B), 
composite short fibers and a nonwoven fabric were obtained. 
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[0030] 

Application Example 4 

Similarly to Application Example 1 except for changing X p to 54% by changing the 
tension heat treatment temperature in the stretching process of the composite short fibers, 
composite short fibers and a nonwoven fabric were obtained. 

[0031] 

Application Example 5 

Similarly to Application Example 1 except for changing X p to 24% by changing the 
tension, heat treatment temperature in the stretching process of the composite short fibers, 
composite short fibers and a nonwoven fabric were obtained. 

[0032] 

Application Example 6 

Similarly to Application Example 1 except for preparing a nonwoven fabric at a mixture 
ratio of 30:70 by using PTT short fibers with a size of 2 dtex, a fiber length of 5 1 mm, and a 
round cross section and the composite short fibers obtained in Application Example 1, a 
nonwoven fabric was obtained. 

[0033] 

Comparative Example 1 

Similarly to Application Example 1 except for using a PET with a melt viscosity of 
1,800 dPa^s as polyester (A) and a PET with a melt viscosity of 1,200 dPass as polyester (B), 
composite short fibers and a nonwoven fabric were obtained. 

[0034] 

Comparative Example 2 

Similarly to Application Example 1 except for changing X p to 12% by changing the 
tension heat treatment temperature in the stretching process of the composite short fibers, 
composite short fibers and a nonwoven fabric were obtained. 

[0035] 

Comparative Example 3 

Similarly to Application Example 1 except for changing X p to 74% and X<, to 31% by 
changing the tension heat treatment temperature and the relaxation heat treatment temperature in 
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the stretching process of the composite short fibers, composite short fibers and a nonwoven 
fabric were obtained. 

[0036] 

Comparative Example 4 

Similarly to Application Example 6 except for preparing a nonwoven fabric at a mixture 
ratio of 55:45 by using PTT short fibers with a size of 2 dtex, a fiber length of 51 mm, and a 
round cross section and the composite short fibers obtained in Application Example 1, a 
nonwoven fabric was obtained. The properties of the composite short fibers and the nonwoven 
fabrics obtained in Application Examples 1-6 and Comparative Examples l-[sic; 4] are shown in 
Table 1. 



[0037] 
(Table 1) 





Polyester group composite fiber 


Nonwoven fabric 


Polyester A/melt 
viscosity, dPa=s 


Polyester B/melt 
viscosity, dPa^s 


x p 

% 


x q 

% 


Number of latent 
crimps generated, 
crimps/25 mm 


Composite 

fiber 
content. % 


Stretch 
recovery 
rate, % 


Bending 
resistance, 
cN 


Application 
Example 


1 


PTT/1500 


PTT/800 


42 


11 


80 


100 


89 


L 37 


2 


PTT/1000 


PTT/400 


49 


14 


67 


100 


81 


34 


3 


PET/1800 


PTT/1200 


48 


13 


83 


100 


91 


28 


4 


PTT/1500 


PTT/800 


54 


14 


91 


100 


95 


40 


5 


PTT/1500 


PTT/800 


24 


7 


56 


100 


74 


53 


6 


PTT/1500 


PTT/800 


42 


11 


80 


70 


76 


46 


Comparative 
Example 


1 


PET/1800 


PET/1200 


46 


12 


80 


100 


83 


67 


2 


PTT/1500 


PTT/800 


12 


5 


39 


100 


58 


64 


3 


PTT/1500 


PTT/800 


74 


31 


107 


100 


94 


75 


4 


PTT/1500 


PTT/800 


42 


11 


80 


45 


39 


49 



[0038] 

As seen from Table 1, in the polyester group short fibers obtained in Application 
Examples 1-6, since the polymers and the thermal shrinkage rate were within the range of the 
present invention, the nonwoven fabrics obtained from the composite fibers had excellent 
elasticity and flexibility. 

[0039] 

On the other hand, in Comparative Example 1, since polyesters (A) and (B) were PET, 
Young f s modulus of the fiber was large, and the nonwoven fabric obtained therefrom was 
deficient in flexibility. In Comparative Example 2, since the thermal shrinkage rate X p of the 
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composite fiber was small, the generation of latent crimp was inferior, and the nonwoven fabric 
obtained therefrom was inferior in elasticity and flexibility. Next, in Comparative Example 3, 
since both thermal shrinkage rates X p and X q of the composite fiber were large, the nonwoven 
fabric after heat treatment was deficient in flexibility, although the generation of latent crimp 
was good. Furthermore, in Comparative Example 4, since the mixture ratio of the composite 
fiber was low, the nonwoven fabric had inferior elasticity. 

[0040] 

Effect of the invention 

Since the polyester group composite fiber of the present invention has the 
above-mentioned constitution, spun yarns for a nonwoven fabric and woven and knitted goods 
with sufficient elasticity and excellent flexibility can be obtained. Also, the nonwoven fabric of 
the present invention containing 60% or more said composite fiber has excellent elasticity and 
flexibility, and for example, if it is used for a bandage, etc., the adhesion to the skin is good. 
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